Antigen Characterization of Different Strains of Echinococcus Granulosus (Cyclophyllidea: Cestoda) by Ahmad, Gul
ANTICXN CHARACTERIZATION OF DIFFERENT 
STRAINS OF ECHINOCOCCUS GRANULOSUS 
(CTCLOPHTLUDEA: CESTODA) 
DISSERTATION SUBMITTEO FOR THE DEGREE OF 
inaKter of $|)iIo{(op(ip 
IN 
ZOOLOGY 
BY 
GUb AHMAD 
SECTION OF PARASITOLOGY 
DEPARTMENT OF ZOOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH - 202 002 (INDIA) 
19S2 
2 7 APR 1394 
DS21*f. 
OHECKED-2m 
ALIGARH MUSLIM 
SECTION OF PARASITOLOGY 
DEPARTMENT OF ZOOLOGY 
ALIGARH-20200Z (INDIA) 
UNIVERSITY PHONES : DEPT, (0571) 25646 RES. (0571)23207 
WAJiH A- NIZAM I 
M.Sc. M.Phil. Ph.D. 
This is to certify that the dissertation entitled "Antigen 
characterization of different strains of Echinococcus granulosus 
(Cycolphyllidea: cestoda)" submitted by Mr. Gul Ahmad, embodies 
original work done by the candidate himself. The experimental 
work was carried out under my supervision and that I allow him to 
submit the same in partial fulfilment of the requirements for the 
degree of Master of Philosophy in Zoology of this University. 
Professor W." A. Nizami 
(Supervisor) 
CX)NTENTS 
AcKnowledgements (fj 
List of tables (jj} 
List of figures (iii) 
List of plates (JV) 
Abreviations used (VJ 
Introduction I 
Historical Review 9 
Materials and methods 32 
Results 43 
Discussion b' 
Summary 71 
References 73 
ACKNOWLEDGEMENTS 
I wish to express my deepest appreciation and sincere 
gratitudes to Professor W. A. Nizami for his endless 
encouragement, guidance and support for the improvement and 
completion of this project. 
I am indebted to Professor M. M. Agarwal, Chairman 
Department of Zoology for providing the necessary laboratory 
facilities. 
Special thanks are due to my aunt Dr. Nadera Hassan for her 
help, encouragement and appreciation throughout this work. 
I would also like to thank my colleagues Drs. S.M.A. Abidi, 
Parveen Khan, Mr. Malik Irshadullah, Afsar Ali, M.K. Saifullah, 
Ms. N.B. Khan and Gulshan Zia for providing a helping hand 
throughout the gestation period of this manuscript. Many thanks 
are also extended to Mr. Mirza Rais Baig for maintaining the 
experimental animals and spending many long hours typing this 
dissertation. The assistance of Mr. Samiuddin and Abdul Kalam 
for collecting the parasites is highly appreciated. 
Finally, I would like to thank the University Grants 
Commission for awarding me a scholarship { Award No. F. 20 
21/91 (SAD ). 
GUL AHMAD 
(I) 
List of tables Page No, 
1. Molecular weight range of the individual fraction 47 
and their protein concentration. 
2. The macrophage migration inhibition response to 50 
different antigen fractions of protoscoleces of 
Echinococcus granulosus . 
3. Dot blot analysis of different polypeptide 56 
fractions of lung protoscoleces tested against 
the homologous primary sera collected at various 
intervals. 
4. Dot blot analysis of different polypeptide 57 
fractions of liver protoscoleces tested against 
the homologous primary sera collected at various 
intervals. 
5. . Dot blot analysis of different polypeptide 59 
fractions of liver protoscoleces tested against 
the heterologous primary sera collected at various 
intervals. 
6. Dot blot analysis of different polypeptide 
fractions of liver protoscoleces tested against 
the heterologous sera collected at various 
intervals. 
(II) 
List of figures Page No, 
1. Elution profile of proteins of liver origin 44 
protoscoleces by sephadex G - 200 column. 
2. Elution profile of proteins of lung origin 45 
protoscoleces by Sephadex G - 200 column. 
3. Calibration Curve of standard molecular weight 46 
protein markers by Sephadex G - 200 Column. 
(I) 
List Of plates Page No, 
In vitro macrophage migration inhibition response 
of experimental dogs infected with Echinococcus 
granulosus. 
A9 
Dot blot analysis of the antigens of lung origin 
protoscoleces using homologous and heterologous 
antisera. 
52 
The dot blot analysis of the antigens of the liver 
origin protoscoleces using homologous and 
heterologous antisera. 
55 
(IV) 
ABBREVIATIONS USED 
ADCC 
CAT 
CMI 
ES 
EM 1 ,2 
F 
HBSS 
HF 
Ig 
Kav 
Kd 
Km 
MIF 
MIT 
MMC 
Mr 
2 - ME 
Pi 
PBS 
PVDF 
RFLP 
SDS-PAGE = 
Ve 
Vo 
Vt 
Antibody dependent cell mediated cytotoxicity. 
Computer assisted tomography. 
Cell mediated immunity. 
Excretory / secretory. 
Echinococcus multilocularis l and 2. 
Fraction. 
Hanks balanced salt solution. 
Hydatid fluid. 
Immunoglobulin. 
Partition coefficient. 
Kilo dalton. 
Kilometer. 
Migration inhibition factor. 
Migration inhibition test. 
Mucosal mast cell. 
Molecular mass. 
2 - mercapto ethanol. 
Post infection. 
Phosphate buffered saline. 
Polyvinyl difluoride. 
Restriction fragment length polymorphism. 
Sodium dodecyl poly acrylamide gel electrophoresis, 
Elution volume. 
Void volume. 
Total volume. 
m 
INTRCOUCmON 
Echinococcus granulosus is the causative agent of a 
cyclozoonotic disease - hydatidosis, which is of major economic 
and public health importance throughout the world. The adult 
parasite is a cyclophyllidian,3-4 segmented cestode of about 2-6 
mm length and lives in the upper part of the small intestine of 
the definitive host (dog or other canines). The posterior 
terminal segment of adult parasites is gravid, containing mature 
eggs and it comes out with the faeces. The common intermediate 
hosts are buffaloes, sheep, goats, camels etc. Man may also 
acquire the infection accidently by ingesting the eggs. The eggs 
hatch in the small intestine of the intermediate hosts and the 
hexacanths penetrate the intestinal mucosa and migrate to 
different parts of the body via lymphatic or blood circulation. 
The hexacanths lodge itself in any organ of the body but the 
liver and lungs are the most favoured sites and serve as the 
first and second filter organs respectively. There after, the 
asexual phase of reproduction starts, resulting in the formation 
of fluid filled cyst called hydatid cyst which may either be 
fertile or sterile , depending upon the presence or absence of 
protoscoleces respectively . Sometimes calcification of the cyst 
may also occur. The protoscoleces which are the infective 
stage for the definitive host are produced by the germinal 
membrane of the cyst by asexual multiplication thus producing 
thousands of protoscoleces in a single cyst. When protoscoloces 
are ingested by the definitive host they develop into mature 
worms. 
Hydatidosis is both medically and economically significant 
in the Indian perspective, where animal husbandry alone 
contributes about 18* of the total agricultural output and 32X of 
the total energy requirements for the rural areas in various 
forms like transportations .irrigation,etc. Although India has 
the highest cattle population compared to any other country in 
the world, unfortunately the contribution from the livestock is 
very meagre. One of the prime factors for this poor contribution 
is the lack of proper care of animal health. Parasitic infections 
are rampant among the domesticated animals of which hydatidosis 
is one of the major problems responsible for the morbidity and 
mortality of the Indian livestock. This adversly affects the 
quality and quantity of various dairy products, causing 
tremendous economic loss. Ramazanov et al.(1978) estimated a 
total of 7% loss in milk production in animals suffering from the 
scourge of hydatidosis. 
Since the infection of Echinococcus can be transmitted 
between man and other animals, so it claims membership of the 
most significant group of communicable diseases - the zoonosis. 
The clinical and economic significance of this parasite is 
almost completely confined to infection with the metacestode 
Due to the long prepatent period the clinical symptoms appear in 
the latter phase of the disease and slow prognosis leads to 
profound loss of manpower potential. The growth rate of hydatid 
cyst varies with respect to the host species , age of the host 
and the geographical region. Once the intermediate host acquires 
infection, it remains undetected until the appearance of 
clinical manifestations. Due to the limitations of the 
conventional diagnostic methods the possibility of early 
successful diagnosis is remote. Although modern techniques like 
ultrasonography, radio isotope scanning,intravenous viscerography 
and computer - assisted tomography (CAT) etc. can detect hydatid 
cyst in early stages but these techniques are very expensive and 
beyond the reach of the common people. Chemotherapeutic treatment 
of hydatidosis with some new anthelmintics have shown to be of 
limited success. As a result surgery is the only alternative. 
But sometimes even surgery becomes fatal if the cyst ruptures 
during operation and the patient consequently dies due to 
anaphylactic shock. So keeping in mind the limitations of the 
diagnostic methods it is imperative to apply some of the 
immunological techniques for the early detection and diagnosis 
of the disease and to explore the possibilities for its 
application in an effective control programme. 
A recent survey carried out from our laboratory indicates 
that the prevalence of this disease in northern India shows an 
increasing trend (Irshadullah et. al.,1989a.b). In view of the 
growing importance of this disease it is essential to have a 
complete knowledge about this parasite before devicing any 
effective immunodiagnostic or immunoprotection method. Henceforth 
it is essential to have a clear picture regarding the antigenic 
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nature of different stages of the parasite and also the strain 
related differences which might pose a challenge to the 
scientists working in this area. 
It is well known that many of the protozoan and helminth 
agents of diseases including leishmaniasis, trypanosomiasis, 
schistosomiasis, hydatidosis and trichinosis, do not constitute a 
uniform species. Although the taxonomic significance of 
phenotypic variation is not yet resolved it is becoming 
increasingly apparent that described differences are of clinical 
and immunological significance and that it is no longer possible 
to generalize about the epidemiology of a particular disease 
(Thompson, 1982). Moreover polymorphism of antigenic molecules is 
also very important in the study of immunity and diversity in the 
antigenic determinants limits the extent of immunity between 
strains and species and reduces the degree of protection of an 
individual to the required level. Equally the identification of 
species and strain specific antigens is a major goal of research 
since the knowledge of the strain specific antigens is a 
prerequisite for accurate immunodiagnosis. 
E. granulosus has long been noted to be inherently variable 
in its morphological characteristics and the range of susceptible 
hosts, however the validity and significance of the reported 
differences have remained controversial and unresolved. The term 
strain refers in the case of E^ granulosus to an intraspecific 
group of genetically distinguishable isolates which also share 
biological features of actual or potential significance in the 
control of hydatid disease. E^ granulosus strains vary in 
features such as morphology, biochemistry, physiology, 
pathogenicity, developmental patterns and infectivity to humans 
and domestic animals. This have important implications for the 
epidemiology of hydatid disease as three different strains of 
E.granulosus have been identified in Australia. Two strains are 
confined to the Australian mainland; one is maintained 
principally in a typical sheep-dog cycle and the other in a 
sylvatic cycle involving dingoes and macropod marsupials 
(wallabies & kangaroos) (Thompson & KumaratilaJce, 1982 ). The third 
strain is restricted to Tasmania and is perpetuated in a sheep-
dog cycle. Furthermore two different strains of E^ granulosus 
have been identified in the United Kingdom, one of which is 
maintained in sheep - dog cycle while the other is perpetuated 
in a horse - dog cycle respectively (Smyth and Davies 1974). In 
addition to this a more complex situation has been reported from 
Kenya where at least three strains occur, one in man / sheep 
goats, another occurs in camels and goats while the third strain 
is peculiar to cattle (McManus 1981, Macpherson and McManus 
1982). It is further observed that the Kenyan sheep strain is the 
major source of infection in man (Macpherson ,1983) and it has 
been suggested that this particular strain may represent a 
virulent isolate (Thompson, 1979 ; French et.al 1982). Similarly 
a number of other strains are reported from North America 
(Cameron, I960; Cameron and Webster 1961; Wilson et.al 1968> 
Switzerland (Eckert, 1970; 1981) and India (Gill and Rao 1967, 
Rao 1968, Pandey 1972). Identification of different isolates of 
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E. qranuloaua traditionally depend on a limited number of 
morphological features althougy there has been much disagreement 
on the value of this approach (Hobbs et. al. 1990). Furthermore 
it has been demonstrated that morphological features including 
those commonly studied can vary as a result of environmental 
influences (Hobbs et. al 1990, Shantz et al 1976). In addition 
to this more recently Bowels et. aJ, (1992) used mitochondrial 
DNA sequencing for the identification of the genetic variants 
within the genus Echinococcus. These workers determined the 
sequence of a region of the mitochondrial cytochrome c oxidase 
subunit 1 (col) gene for 56 Echinococcus isolates and have been 
able to use this information to group the isolates of E. 
granulosus into seven specific categories. But on the other hand 
Hope et al. (1991) using Restriction Fragment Length Polymorphism 
(RFLP) analysis could not discriminate between E^ granulosus 
originating from central Queensland macropod marsupials. Also 
these workers could not distinguish between the materi&l from the 
Australian mainland and United Kingdom sheep. Furthermore sheep 
cyst material from Tasmania and Australian mainland was 
indistinguishable using RFEJ? analysis (Hope et al. ,1991). As a 
result of their findings Hope et al. (1991) suggested a re-
evaluation of the three distinct strains of E. granulosus in 
Australia established on the basis of morphological, biochemical 
and developmental studies. 
Other methods of identification such as those based on 
biochemical analysis is also limited in their usefulness because 
of the host and environmentally induced variation. Immunological 
criteria are less likely to be influenced by environmental 
factors unlike morphology and are more likely to provide reliable 
measures of genetic differences between strains. This can furnish 
a better understanding of the functional nature and significance 
of strain variation. 
In addition to this the work of Smyth & McManus (reviewed in 
Thompson and Lymbery 1988; McManus et al. 1989; Smyth 1990) have 
clearly shown that E. granulosus of horse and sheep origin are 
genetically quite distinct. In Britain at least they are 
maintained in different cycles of transmission (Thompson and 
Smyth, 1975). Similar comparative studies with forms of 
E.granulosus in other host assemblages have demonstrated a huge 
spectrum of diversity with genetic variants or strains, adapted 
to cattle, cervids, camels and pigs (Eckert and Thompson, 1988; 
Thompson, 1986; Thompson and Lymbery, 1988). In addition a number 
of isolates from lions, buffaloes, goats and macropods have been 
identified, yet further studies are required in order to fully 
evaluate the status of these variants (Thompson and Lymbery 
1990). Furthermore there is now increasing evidence of host 
induced variation in Echinococcus which is revealed by 
comparative biochemical and morphological studies (Lymbery et al. 
1990; and Hobbs et al. 1990). 
The above mentioned investigations by different workers 
complicates the matter. Contrary to the previously assumed 
phenomenon that strains of Echinococcus had adapted to particular 
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species of intermediate host, Irshadullah (personal 
communication) observed some differences in the protoscoleces 
isolated from the cyst of lung and liver of the same host 
(buffalo) particularly in the developmental and metabolic 
pattern. 
In the light of the foregoing discussion it was decided to 
investigate whether the habitat of the intermediate host 
influences the antigenic profile of the parasite and the immune 
response of the definitive host. Therefore two isolates of E. 
granulosus protoscoleces one from the liver and the other from 
the lung of the Indian water buffaloes were used in the present 
study. Their antigens were partially purified by Sephadex G - 200 
column and the immune response in the dogs have been monitored 
by the migration inhibition test and dot blot analysis. 
HISTORICAL REVIEW 
The intricacy of the mammalian immune system has been linked 
to that of the brain both with respect to the number of cells 
involved and to the amount of information stored and transmitted. 
Recent investigations into immunological reactions to the 
parasites have revealed the existence of novel effector and 
regulatory mechanisms by which this system overcomes the 
onslought of foreign invasion. 
The protozoans and helminths present a formidable task in 
terms of their increased size and complexity. This together with 
the often drastic morphological changes at different stages of 
their life cycle, leads to a much greater variety in the 
molecular surfaces, or antigenic profiles, that the immune system 
encounters. Moreover the helminths, diverse as they are in size 
and structure, all present a large surface to the immune system 
which can not be phagocytosed like single cell invaders. It is 
thus not surprising that the interactions of this system with 
eukaryotic parasites are rather labrynthine. The important 
anthelminth effector mechanisms are thus rather different from 
those affecting protozoan parasites. This in itself increases the 
complexity of producing effective antiparasite vaccines. In 
addition to this, in the case of most parasitic organisms, it is 
not practical to use an attenuated version of the organism itself 
as a natural host vaccine other than for experimental purposes. 
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Therefore this poses a problem of iaentifying the particular 
component of the parasite that must be included to evoke 
protective immunity. The successful parasite avoids Jcilling its 
host and at the same time evades destruction by the host's immune 
system. It was once thought that many parasites were poorly 
immunogenic because of the obvious failure of the immune system 
to adequately protect the infected host. However it is not so, 
most parasites are fully antigenic but they have clearly devised 
a number of mechanisms that allow them to survive against the 
immune responses they evoke. 
Like other organisms, parasites can stimulate both the 
humoral and cell mediated immunity. The response that 
predominates depends upon the type of parasite and its habitat 
within the host, but it is made increasingly complex with a 
number of effector mechanisms brought into play. 
In subsequent pages a litrature survey has been carried out 
on the immunological response of the definitive and intermediate 
host against cestode parasites in particular with special 
reference to E. granulosus. 
The recognition that immunity in the intermediate host plays a 
central role in determining the natural patterns of transmission 
of taeniid parasites has stimulated a surge of interest directed 
towards defining the immune mechanism and procedures for 
immunization. Relatively little work has been carried out on the 
immunobiology of adult cestodes including E. granulosus. 
II 
ANTIBODY INDEPENDENT CELL MEDIATED IMMUNITY: 
It has been suggested that the cell mediated immunity plays 
a vital role in helminth parasites. Many workers have 
demonstrated that mast cells are known to accumulate at the site 
of infection with larval cestodes (Coleman and De Salva 1963; 
Siebert et al. 1979; Singh and Rao 1967; Varute 1971; Lindsay 
1981). Lindsay (1981) examined the hepatic and intestinal mast 
cell response in T. taeniaeformis infected rats and observed an 
increase in the number of mucosal type mast cells (MMC) around 
larvae in the liver with maximum number of cells present at 60 
days post infection. Similarly Cook and Williams (1981) also 
noticed a persistent increase in MMC in the intestinal mucosa 
although oncospheres pass rapidly through the intestinal wall 
during the initial phase of the infections and ultimately develop 
at a distant site in the liver. So a function for MMC at the gut 
level could be postulated in actively acquired resistance. 
The release of mediators like histamine, serotonin, 
bradykinin etc. from mast cells is activated by IgE - Antigen 
interactions and their action on smooth muscle, mucus glands and 
blood vessels probably plays an important role in the responses 
to intestinal infections (Smyth and McManus 1989). In addition to 
this mucous gland secretions can be stimulated by histamine and 
increased mucous secretion is a characteristic of several 
intestinal helminth infections (Bienenstock and Befus 1980). Mast 
cells accumulate around invading oncospheres and it is possible 
that IgE may react with antigen causing degranulation of these 
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cells. This results in the permeabilty of the tissues which 
allow IgG antibodies to reach the invading site more easily. 
Manipulation of the host immune system by thymectomy, 
irradiation, adaptive or passive immunization or a combination of 
these, has established that the thymus and T-cells are crucial in 
the development of resistance during primary infection. Further 
Slebert et al. (1979) have shown that contact with larval 
cestodes can be highly toxic to the host cells and it has been 
suggested that mast cells play a part in neutralizing of noxious 
substances produced by the parasite at the time of host capsule 
formation. In addition to this the establishment and growth of 
protoscoleces of Echinococcus multilocularis is markedly 
suppressed not only in the cotton rats having a primary infection 
(Rau and Tanner 1973 ) but also in the immunized animals with B(3G 
(Rau and Tanner 1975, Reuben et al. 1978). Besides this Rau and 
Tanner (1976) found that unpurified peritoneal exudate cells from 
infected animals kill protoscoleces in vitro. Baron and Tanner 
(1976) found that cells from immune animals were more active than 
those from normal one. These authors argued that macrophages play 
a key role in limiting dissemination of Echinococcus 
multilocularis in vivo. While Ali-Khan and Siboo (1980) proposed 
a role for neutrophil attack on antibody coated Echinococcus 
multilocularis cysts. Baron and Tanner (1977) attributed the 
protoscolicidal effect to adherent macrophages which could be 
enhanced by the presence of serum from the immune animals. 
Studies by scanning electron microscopy confirmed the macrophage 
nature of the effector cells and demonstrated a close adhesion of 
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the cell with the extension of finger liJce processes. It is 
suggested that immunity to reinfection in animals bearing a 
primary hydatid infection may be attributable to activated 
macrophages, whose effects are enhanced by antibody (Baker and 
Muller, 1984). Beside this EngelKirk et al. (1981) examined the 
in vitro effect of rat peritoneal cells on T. taeniaeformis 
larvae during one hour incubation. Cells adhered fastly to the 
larvae. Both normal and immune serum caused severe damage to the 
distal tegument of the larvae. The eosinophils are known to be 
effective in Killing parasites in vitro and it was observed that 
they were the most active cells in attacking the tegument which 
incorporated the tegumentary cytoplasm into large phagosomes 
(Butterworth et al. 1980). In addition to this, Willms and 
Merchant (1980) have worked out that Taenia solium larvae elicit 
chronic granulomatous reactions in pig muscle with extensive 
eosinophil infiltration and degranulation onto the surface of the 
parasite, but without evidence of parasite damage. Similarly 
Willms & Merchant (1980) and Siebert et al. (1981) found that 
when bulls were infected twice with Taenia saginata oncospheres, 
the extensive eosinophils infiltration which occurred around both 
eggs and developing cysticerci was responsible for the damage to 
the parasite. Camp and L.eid (1982) have shown that saline 
extracts of Taenia taeniaeformis metacestode are directly 
chemotactic and chemokinetic for equine polymorphonuclear 
leukocytes. But many workers found that the young developing 
cysticerci Taenia taeniaeformis are susceptible to killing by 
antibody and complement without a requirement for effector cells 
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(Leid, 1977; Hammerberg and Williams, 1978; Williams et al.1980). 
These workers concluded that cell mediated mechanisms appear to 
play only a little part in the immune rejection. The role of true 
T- cell mediated cytotoxicity in immunity to mature metacestode 
is not clear. Rickard and Outteridge (1974) observed an 
increased blastogenesis of lymphoid cells on exposure to antigen 
in vitro using Taenia pisiformis in rabbits. In the Mesocestoides 
corti system resistance in mice is thymus dependent and nude mice 
are less able to control infection (Mitchell et al 1977b, 
Pollacco et al. 1978). Besides this Smith et al. (1982) have 
investigated the capacity of human peripheral blood effector 
cells to kill Giardia Iambiia trophozoites in vitro. However 
information on cellular effector mechanisms active against the 
cestode parasite is sparse. Although Mesocestoides corti is 
particularly effective in eliciting a local eosinophilia after 
intraperitoneal inoculation into mice but there is no report on 
the consequences of this cell infiltration (Baker and Muller, 
1983). Voge et al. (1979) described the structure of the 
tetrathyridal stages and reported that the host peritoneal cells 
may be observed in contact with the blade-shaped microvilli but 
without evidence of damage. These workers have described the 
tissue reactions in intact or T-depleted rats to infection with 
Hymenolepis diminuta and reported reduced mast cell and 
eosinophil response in the small intestine in T-depleted animals 
associated with a delay in destrobilization and expulsion of the 
worms, but without direct evidence for a direct association 
between the two events. In addition to this, Petrova (1968) 
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observed neutrophilia in sheep after 3-5 days post infection 
with the eggs of Echinococcus granulosus. Maximum leucocytosis 
was observed between 25-30 days post infection with predominance 
of eosinophils, lymphocytes and monocytes. Devouge and Ali Khan 
(1983) found eosinophils, lymphocytes and monocytes accumulation 
in the peritoneal cavity of mice with 48 days post infection in 
Echinococcus multilocularis infection which resulted into 
subside growth rate of the parasite cyst. Araj et al, (1977) 
simultaneously inoculated protoscoleces and sensitised spleen 
cells into mice and found that the cyst could not attain its 
usual size. In yet another study , Reuben and Tanner (1983) 
injected phytohaemagglutinin (.PHA) into the peritoneal cavity of 
cotton rats and found an elevated cellular response which 
protected the animal against infection with Echinococcus 
multilocularis. In addition to this Kamiya et al (1980) worked 
out that in congenitally athymic nude mice Echinococcus 
multilocularis developed very rapidly and the host tissue 
reaction was slight as compared to that of the normal mice with a 
normal thymus. This shows that there is a definite involvement 
of the T - cell response. Al-Khalidi (1982) observed that 30-40 
days old infection of E.granulosus resulted in increased 
reactivity of stimulated lymphoid cells with concanavalin A, and 
found a depressed blastogenesis of non stimulated lymphocystes. 
Further the stimulation of lymphocytes with phytohaemagglutinin, 
lipopolysaccharides or purified protein derivatives were 
depressed. Majority of the infected dogs showed immediate type of 
skin sensitizing reactions to hydatid fluid protein but unable to 
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detect any cutaneous delayed reactivity. 
Whether the Echinococcus spp. survive in the carnivore 
intestine by induction of specific cellular unresponsiveness 
remains to be determined. Although many workers detected 
accumulation of lymphocytes near the invading oncospheres of 
Hymenolepis nana in mice (Friedberg et al. 1979; Furukawa et 
al. 1981) and the adhesion of splenic cells from the normal and 
immune mice but they could not detect any deleterious effect on 
the parasite (Furukawa. 1974). In addition to this many workers 
using neonatal thymectomy, antithymocyte serum and cell transfer 
could not distinguish between cell mediated immune effects and T-
cell dependent antibody response (Okamoto, 1968; Nemeth, 1970; 
Okamoto & Koizumi, 1972). However, Anderson and Griffith (1979, 
a, b) concluded that the immune responses to metacestodes are 
probably T - cell dependent. As passively transfered serum was 
ineffective, the results support the contention that T - cell 
mediated processes are directly responsible for resistance rather 
than being required for the facilitation of antibody production. 
Furthermore, Baron and Tanner (1976) pointed out that apparently 
T - cell function is a prerequisite for the successful 
containment of metastasizing protoscoleces of Echinococcus 
multilocularis in mice. In animals which were both thymectomized 
and treated with antithymocyte serum metastatic dissemination of 
the parasite from the site of primary infection was 
significantly increased (Williams, 1982). Kwa and Liew (1975) 
reported that peritoneal cells from rats infected with Taenia 
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taeniaeformls for 10 days will confer resistance to oral 
challenge when transferred to inbred recipients. But the rigorous 
statistical analysis of the data these workers could not confirm 
the cell mediated protective mechanisms operating in this 
infection. In yet another study Kwa and Liew (1978) treated the 
intraperitoneally implanted strobilicerci in vitro with trypsin 
to remove the adherent antibody. Then these strobilicerci were 
incubated with peritoneal cells and found that the cells adhere 
to the parasite which was previously treated with trypsin but not 
to the trypsin untreated one. From this study these workers 
concluded that the adherent antibody on the surface of 
strobilicerci prevents the immune cells to adhere to it. 
ANTIBODY DEPENDENT CELL MEDIATED IMMUNITY: 
Many workers demonstrated the presence of IgE antibodies 
during the infection of Taenia taeniaeformis in rats and Taenia 
pisiformis in rabbits (Leid and Williams, 1974b : Musoke et al. 
1978) These authors have shown that in the presence of antibody 
the degree of protection is enhanced leading to the death of 
oncospheres in the recipient. Leid and Williams (1974b) suggested 
that increased permeability caused by IgE mediated degranulations 
of mast cells in the vicinity of larvae may enhance the 
availability of complement fixing antibody at the site. On the 
other hand Musoke et al. (1978) suggested a more direct role for 
IgE and mast cells in preventing the establishment of cestode 
infections. These workers found that when histamine or peritoneal 
anaphylactic diffusate were injected directly in to the intestine 
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of rats, an inhibitory effect on the penetration of Taeniae 
taeniaeformis oncospheres have been observed. Butterworth et al 
(1980) reviewed the literature concerning the antibody dependent 
eosinophil mediated killing of parasites in general but a direct 
role for those cells in killing the cestode larvae has not been 
substantiated. However some workers (Ansari and Williams, 1976; 
Ansari et al. 1976) have reported an increased number of 
eosinophils during the migration and establishment site of the 
cestode infections which coincide with the appearance of high 
levels of IgG2a and the rats passively sensitized with these 
antibodies show an enhanced eosinophil response to challenge 
infection. In addition to this Heath and Pavloff (1975) and 
Ansari et al (1976) suggested that the antibody plays a role in 
stimulating the accumulation of these immune cells in the liver. 
Moreover IgE plays a crucial role in the expulsion of unwanted 
worms. Recognition of helminth antigens by IgE molecules bound to 
mast cells leads to degranulation and the release of vasoactive 
amines (Hyde, 1990). These highly active molecules in turn 
increase permeability of the intestinal capillaries allowing 
fluid to flush the lumen as well as inducing violent contraction 
of the intestinal muscles. This combination can bring about 
expulsion of the major part of the worm burden and is known in 
sheep and calves as the "self cure", reaction. Because of the 
multicellular structure of the helminth parasites which make 
phagocytosis impossible, the involvement of antibody in antibody 
dependent cell mediated cytotoxicity (AD(X!) is essential. In the 
case of human schistosomes infections this mechanism appears to 
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be the way of killing the parasites (Capron and Dessaint, 1985). 
Furthermore splenic cells from mice infected with H. nana have 
been shown to adhere to oncospheres of this parasite under in 
vitro conditions and the reaction takes place only in the 
presence of immune serum (Furukawa, 1974). Besides this Ali- Khan 
(1978) investigated that the mice with chronic Echinococcus 
multilocularis hydatid infection exhibit depressed in vivo cell 
mediated immune response, but the heterologous antigens 
stimulated a strong immune response. A similar work was done by 
Davies et al. (1969) and these workers came to the conclusion 
that stimulation of the immune response is mainly T - cell 
dependent. In a further study Isaak (1983) found that the 
mesenteric lymph nodes house sensitized cells which act on the 
scolex of the worms resulting in their expulsion from the 
intestine. 
HUMORAL IMMUNITY: 
Very limited informations are available on the serum 
antibody response to taeniid tapeworms in the gastrointestinal 
tract of carnivores. Movsesijan and Mladenovic (1971) detected 
antibody in the serum of dogs 14 days post infection, while Al -
Khalidi (1982) found detectable antibodies in the serum of dogs 
infected with Echinococcus granulosus after 35 days post 
infection. Occurrence of sIgA in cestode infections have been 
reported by many workers. Al-Khalidi (1982) found an increased 
level of IgM and IgA in the faecal extracts from infected dogs 
with Echinococcus granulosus. But the role played by IgA remains 
unknown (Wakelin, 1986). Antibodies play a major role during the 
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invasion of oncosphere as a first line of defence. It has been 
shown that IgA in colostrum and gut secretions passively protect 
mice (Lloyd and Soulsby, 1978) and rats (Musoke et. al., 1975) 
against infection with T. taeniaeformis. Hammerberg et al. 
(1977) postulated that since IgA is not absorbed from the 
intestine, its action may be directed against oncospheres in the 
lumen of the gut. Further Lloyd and Soulsby (1978) demonstrated 
that the IgA in colostrum and gut secretions can be removed by 
absorption with oncospheres. In addition to this Rickard and 
Arundel (1974), Lloyd and Soulsby (1976) demonstrated colostral 
immunity in sheep and cattle respectively, but they could not 
specify the particular class of antibodies involved in these 
species. Extensive investigations of the sera collected during 
T. taeniaeformis infection in rats and mice have shown that IgG2a 
plays a central role in rats while IgG2a and IgGl in mice (Leid 
and Williams, 1974a; Musoke and Williams,1975; Mitchell et. 
al. 1977a,). 
In addition to this Mitchell et al. (1980) provided an 
evidence that variations in the resistance of different strains 
of mouse to T. taeniaeformis infection could be due to variations 
in the rate of antibody production, since host protective 
antibody appears very fast after primary infection. Flirthermore 
Musoke and Williams (1976) confirmed that passive immunity is 
mainly associated with IgGl and IgM antibodies. These workers 
investigated this phenomenon after stimulating the immune system 
of rats by the intraperitoneal implantation of T.taeniaeformis 
strobilocerci. In addition to this Coleman et. al. (1968), Maris 2i 
and Turton (1973) concluded that the rats produce antibodies to 
H. dimlnuta and Befus (1977) confirmed the presence of IgA and 
IgM on the surface of the worms. Williams and Perez -Esandi 
(1971) detected reagenic antibodies in dogs during the course of 
infection with Echinococcus granulosus. Even in cestode infected 
persons the presence of different classes of antibodies in the 
serum have been confirmed ( Machnicka - Roguska and Zwierz, 1970; 
Machnicka and Zwierz, 1974 ). In addition to this Heath and 
Pavloff (1975) and Musoke and Williams (1975) postulated that 
IgA may play an important role in preventing oncospheres from 
penetrating the intestine of immune animals because passive 
transfer of immune serum does not affect this. The association 
between reagenic (IgE) antibodies and infection with helminth 
parasites is well established . It has been found by Leid and 
Williams (1974, b; 1975) that the presence of IgE in the serum of 
infected animals with T.taeniaeformis and T. pisiformis enhance 
the degree of protection against these parasites. On the other 
hand Rickard & Outtteridge (1974) and Silverman (1955) suggested 
that the access of antibody to early oncospheres may be in some 
way restricted in vivo since these workers could not demonstrate 
it under ijn; vitro and observed rapid death of oncospheres 
exposed to the immune sera. Yong et al. (1984) investigated the 
sequential development of antibody to E^ . qarnulosus oncospheres 
in sheep and found the different concentrations in antibodies and 
their specificity depending on the type of the antigen used. Arai 
et al (1977) found detectable antibody 10 weeks after they 
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injected protoscoleces of E^ granulosus in mice, while Torres-
Rodriguez and Wisnivesky (1978) could not demonstrate a humoral 
response in mice infected with E. granulosus oncospheres until 
eleven weeks post infection. Besides this Dessaint et al.. (1975) 
detected increased levels of IgE antibody in patients infected 
with E. granulosus but these workers could not observe any change 
in the levels of IgG, IgM or IgA . Hinz (1973), and Ali-Khan 
(1974) in experimental secondary infections with 
E.multilocularis correlated the levels of antibody to the 
development and growth of the parasite. Ali-Khan and Siboo 
(1981) detected specific antibodies of high affinity like 
IgG2a, and IgG2b and low IgM and IgGl on the surface of cysts. 
During the course of development of the cyst the level of IgM and 
IgGl increase rapidly coinciding with the development of the 
hydatid cyst. Ali-Khan and Siboo measured the specificity of 
these antibodies by absorption experiments and found that much of 
IgM and IgGl is of low specificity or not specific at all. 
Increased production of immunoglobulins and specific antibodies 
have been observed in human infection with E.granulosus. A 100*, 
and 77 X increase in the level of IgG and IgE were detected in 83 
Lebanese hydatidosis patients by Matossion et al. (1976). IgM 
and IgA levels were significantly increased only in patients with 
pulmonary cysts. Circulating antibodies to Echinococcus antigens 
have been detected in the serum of infected individuals are 
predominently IgG, IgM, IgA and IgE classes (Matossion et al. 
1972; Huldt et al. 1973; Gottstein et ai. 1984; Afferini et al. 
1984). c;irculating immune complexes (CIO have been reported in 
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patients with hydatid disease (Richard Lenoble et al. 1978; Pini 
et al. 1982; Craig and Nelson 1984; Verroust et al. 1979). Bekhti 
et al. (1977) reported an increased level of circulating immune 
response in the sera of patients after treatment with 
mebendazole. 
CX)MPLE3ffiNTS: 
The protective effect of passively transferred immune 
serum immunoglobulin is associated with a contribution by 
complement. It has been shown by Heath (1973) that oncospheres 
incubated with immune serum and complement in vitro became 
paralyzed, did not excrete epidermal fliud and rapidly 
degenerated. Similarily several workers (Kassi and Tanner 1976, 
1977; Herd, 1976; Riclcard et al. 1977) working with Echinococcus 
spp. have demonstrated that complement in the presence of immune 
serum or complement alone can lead to the destruction of the 
parasite. The importance of complement has been demonstrated 
further by iri vivo studies in rats and mice, because complement 
depleted passively immunized rats allowed the survival of T. 
taeniaeformis (Musoke and Williams 1975). In addition to this 
Mitchell et al. (1977) working with mice got similar results 
after the mice were infected with T. taeniaeformis. IgA 
antibodies are also known to be bactericidal in the presence of 
complement and lysozyme (Hill and Porter, 1974) and may be active 
within the intestines of passively immunized adult or neonatal 
mice. Musoke and Williams (1975) demonstrated the protective 
effect of IgG2a in T.taeniaeformis infection as complement 
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dependent. Furthermore Hammerberg et al. (1976) reported the 
detection and partial characterization of certain parasite 
derived substances which are able to inhibit complement dependent 
haemolysis, deplete C levels and generate anaphylotoxin activity 
3 
in normal serum in vitro and cause a profound depression of rat 
serum complement under in vivo conditions. Besides this Wolfe and 
Halliwell (1980) demonstrated that variation from normal 
complement levels in the dog is a manifestation of some 
diseases. Kassi and Tanner (1977) observed a strong correlation 
between complement depletion and the rapid development in vivo of 
the large cyst masses of Echinococcus multilocularis. These 
workers suggested that the activation of the complement proceeds 
via the alternative pathway and thus concluded that the 
complement system actively participates in hydatid infection as a 
control mechanism for E.multilocularis. However Al-Khalidi (1982) 
could not establish an effector role for the complement although 
he showed that the haemolytic activity of sera from dogs infected 
with E. granulosus was correlated with the number and growth 
rate of the parasites. In addition to this Siebert et al.. (1978) 
working with T. crassiceps larvae described a biphasic immune 
response in the early phase of the infection, and they could not 
confirm the involvement of cells causing damage to the larval 
surface. These workers attributed the changes on the surface of 
the larvae to the antibody mediated complement dependent lysis. 
Chen (1950) described marked changes in the surface structure of 
T.taeniaeformis strobilocerci within the first 24 hours of 
incubation in normal rat and guinea pig serum. In contrast to 
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this EngelKirk et al.(1981) could not find any effect after 60 
minutes of incubation of 5-6 month old strobilocerci. Williams 
St. al. (1980) found that rat serum did cause some damage to 50 
days old larvae and Murrel (1971) described permeability defects 
in T. taeniaeformls larvae when incubated in immune serum and 
postulated that antibody dependent complement mediated effects 
were involved. Hustead and Williams (1977) found that 
permeability control was restored when complement in the serum 
was depleted and suggested that larvae in vivo may avoid the 
adverse reaction by liberating anticomplementary factors to 
deplete complement levels in their vicinity. Antibody mediated, 
complement dependent destruction of oncosphere in the gut or at 
the tissue site of development is the most effective mechanism of 
host defence (Peter and Gottstein 1986). 
Riclcard et al. (1977) confirmed the conclusions of Kassi and 
Tanner (1976) and Herd (1976) by observing lysis of protoscoleces 
in the serum and detection of C on the surface of all lysing 
3 
protoscoleces. Activation of the alternate pathway of complement 
at the surface of protoscoleces may occur by mechanisms similar 
to those described by Machado et al. (1975) for S.mansoni 
cercariae. The outer surface of schistosome cercaria is rich in 
glycoproteins (Smith et al 1969) which can generate anaphylotoxin 
in normal serum in vitro (Gazzinelli et al 1969). The tegument of 
E. granulosus protoscoleces is coated with a PAS positive 
glycocalyx (Morseth 1967, Smyth 1969) which could trigger 
complement activation in the same way as in the case of 
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schistosomes. Therefore the ability to activate complement may 
be a feature associated with a complement of cestode material 
quite independent of antibody formation (Rickard etal 1977). 
NOMENCJLATURE OF ECHINCXXXXiUS ANTIGENS: 
Despite the abundance of information on immunologic 
approaches to the diagnosis of hydatidosis in man and food 
animals, there is remarkably little known about the 
physicochemical characteristics of antigens of the parasite. Both 
the somatic tissues of the parasite as well as excretory / 
secretory (ES) molecules are potential antigens. The serological 
investigation have been associated with a variety of crude 
fractions prepared mostly from the hydatid fluid or the extracts 
of the metacestodes and rarely from the adult. The specific 
antigens from the hydatid fluid have been purified but there is 
not much work on the purification and characterization of 
antigenic molecules from the protoscoleces and adult worms. 
Characterisation of specific antigen components of hydatid 
metacestodes have been achieved largely through the application 
of gel diffusion and immunoelectrophoretic techniques using sera 
from infected hosts or hyperimmunised animals. A total of 23 and 
27 antigenic components in E. granulosus and E^ multilocularis 
respectively have been identified using hyperimmunised sera from 
rabbits (Kagan and Norman, 1961). E^ granulosus protoscoleces, 
cyst membranes and hydatid cyst fluid (HF) have been tested for 
their antigenicity which consist of multiple antigenic 
components, some of which are shared by the various structural 
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components and HF and others are specific for particular 
component (Kagan & Norman, 1961; Beguit et al. 1962; Rombert & 
De Azevedo, 1975; Varela Diaz & Torres, 1977; Dottorrlni & 
Tassl, 1978; Tassi et al.l981 ). Echinococcus granulosus HF has 
been found antigenically rich, as Immunoelectrophoresis reveals 
more than 10 distinct antigens. (Biguet et al. 1962; Castagnari & 
Pazzaoli 1969). Two of the antigens have been purified from the 
hydatid fluid of Echinococcus granulosus and characterised as 
thermolabile, lipoprotein antigen 5 (Capron et al., 1967) and the 
thermostable lipoprotein antigen B (Oriol et al., 1971). Capron 
et al. (1967) examined the horse HF identified antigen 5 by 
Immunoelectrophoresis. Chordi and Kagan (1965) assigned the 
number 4 to the most prominent arc in Immunoelectrophoresis of 
hydatid fluid and Pozzuoli et al. (1975) used the same 
designation in their work. In addition to this Oriol et al. 
(1971) and Williams et al. (1971) working with two purified 
lipoprotein antigens from sheep hydatid fluid and referred as 
antigen A. Capron"s arc 5, is named as antigen 5. This arc 5 was 
identified using sera from hydatid patients. The arc 5 was not 
seen using antigen preparations from other parasites and it 
reacted frequently with sera from patients with hydatid 
infection. On the basis of their physicochemical, chromatographic 
and Immunoelectrophoresis characteristics, antigen 4 of Chordi 
and Kagan (1965), and antigen A of Oriol et al. (1971) are the 
same parasite antigen. Because of the similarity in their 
characteristics antigen 5 of Chordi and Kagan (1965) and antigen 
B of Oriol et al. (1971) are identical. 
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The physicochemical cnacracteristics of these antigens have 
been studied in great detail. (Bout et al., 1974; Oriol and 
Oriol, 1975; Dottorini and Tassi, 1977; Piantelli et al. , 1977). 
Antigen A is a lipoprotein with a and B-carboxylesterase activity 
and a molecular weight (Mr) of 400,000 daltons. It appears to be 
composed of non covalently linked subunits each of Mr 67,000 
which migrates as a single band in 12.555 PAGE in SDS. This band 
dissociates further into two subunits in the presence of 2 -
mercaptoethanol (2-ME) one of which has a Mr of 47,000 and the 
o 
other 20,000. Antigen B is thermostable at 100 C, has a Mr of 
150,000 and gives three bands on SDS-PAGE, regardless of the 
presence or absence of 2-ME whose Mr vary between 10,500 and 
20,000. Piantelli et al. (1977) suggest that the subunits 
readily become associated through non covalent linkages to 
produce the irregularly sized aggregates. 
Serum of the patients suffering from the E.multilocularis 
and E. vogeli contains antibody to antigen 5 (Yarzabal, et al. 
1977) Varela-Diaz et al. 1977a; Varela-Diaz et al. 1978). Antigen 
5 is also found in the fluid of cysticerci of T. hydatiqena 
(Varela-Diaz et a1. 1977b; Yong & Heath, 1979) and the arc-5 
precipitation band has been identified in sera of sheep infected 
with T. hydatiagna (Yong et al. 1978; Conder et al., 1980) and 
T.-0VL3 (Yong et al. 1978). In addition to this several other 
workers (Capron et al. 1970; Bout et al. 1974; Yarzabal et al. 
1976) concluded that the antigen B is present in some other 
parasites as well. 
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Yarzabal et al. (1976; 1977) worked out the location of 
these two major antigens within the hydatid cyst using indirect 
immunofluorescence microscopy, while some other workers (Rickard 
et al. 1977; Davies et al., 1978) used immunocytochemical marking 
techniques with light and electron microscopy for the 
localization of these above mentioned antigen of E.granulosus. 
These workers concluded that both these antigens originate in the 
protoscoleces and or the germinative layers. These antigens are 
apparently ES antigens in the HF which is released from the 
protoscoleces or germinative layers. 
A third major antigen of the hydatid fluid and tissue 
extracts discovered so far is a glycoprotein described by 
Kilejian et al.(i961, 1962). Cameron & Staveley (1957) pointed 
out that the activity of this antigen is similar to the human red 
blood cell PI antigen. The antigenic determinant of this antigen 
is associated with the carbohydrate moiety (Russ et al., 1974). 
Any relationship between this and other antigen is not clear. 
In addition to this Hamel & Ris (1982) described yet another 
antigen which these workers called as cathodic antigen apparently 
useful in the diagnosis of sheep hydatid infection. 
In recent years considerable attention has been diverted to 
purify and characterise the antigens from the Echinococcus 
multiloculari3. Gottstein et al. (1983) isolated two antigen 
fractions from Echinococcus multilocularis metacestode. One 
fraction (EMI) consisted of antigenic components shared by both 
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Echlnococcus species, the other antigen fraction (EM2) was shown 
to be species specific for E. multllocularis. The analysis of the 
E:M2 fraction by isoelectric focussing and western blotting 
revealed a single immunoreactive parasite protein. While other 
proteins were identified as host components (Gottstein, 1983). In 
addition to this Gottstein (1985) further purified an antigenic 
polypeptide which he named as EM2a using affinity chroiaatography 
from the metacestode stage of E. multllocularis. Estimation of 
relative molecular mass gave a value of 54,000 daltons. This 
antigen did react in ELISA with sera from patients infected with 
heterologous helminths. But the EM2 is very species specific. The 
E. multiiocuiaris species specific fraction was further purified 
and characterized by SDS-PAGE, isoelectric focussing, 
immunoprecipitation and immunoblotting (Gottstein 1983; 1985). 
IMMUNOPROTECTTION: 
The understanding of the effector mechanisms of protective 
immunity against larval cestodes is derived from studies of 
cestodes other than Echinococcu3_ spp. Rickard and Williams 
(1982) reviewed the immunological studies concerning cestodes 
infections. Most of the immunoprotection studies are based on the 
larval stages infecting the intermediate host which mount an 
early immune response to infection with Echinococcus larvae as 
evidenced by the specific antibody and cellular responses and 
protective immunity generated by a primary infection. 
Exposure to the early developing stages (oncospheres) or to 
their products, produces protection against reinfection of 
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varying duration (Heath and Lawrence, 1982; Gemmell, 1966, 1976; 
Gemmellet al.,1985; RiOcard & Bell, 1971,a,b; Rickard & Brumley, 
1981, Heath, 1976; Osborn et al. 1981). Immunity is not species 
specific. Exposure to oncospheres of one species induces partial 
protection to challange by some other species. Immunity can be 
transferred passively in serum and in colostrum from mother to 
offsprings. Investigations on the immunoprotection phenomena in 
dogs against Echlnocpccus granulosus by Movsessijan et al. (1978) 
and Movsessijan & Mladenovic (1970) revealed that irradiation of 
protoscoleces prevented strobilization and most existed only as 
elongated scoleces after 60 days post infection. A resistance in 
the subsequent infection in dogs by irradiated protoscoleces 
have been achieved following oral immunization and only a 
limited number of worms could establish themselves in the 
intestine of dogs. 
Turnner et al. (1933) prepared an immunogen from the 
protoscoleces and cyst membrane and used it as antigen for the 
immunoprotection studies. Current knowledge of variable 
immunological thresholds within population, would suggest that 
Turner et al. (1933; 1936) were working with a potent immunogen. 
Aminzhanov (1980) working with irradiated protoscoleces for the 
immunization of dogs against Echinococcus granulosus confirmed 
that protoscoleces are capable of eliciting a high degree of 
immunity. Al-Khalidi (1982) found that although Echinococcosis 
induced an incipient cellular and humoral immunity in dogs 
infected for 40 days, but no substantial protective role could 
be attribute to it. 
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MATERIALS AND METHODS 
CJOLLEXTTION OF THE METACESTODE OF ECHINOCOCCUS GRANULOSUS: 
The protoscoleces of E^ granulosus were collected from the 
water buffalo Bubalus bubalis slaughtered at the local abattoir 
situated about 8 )cm from the university campus. The slaughtered 
buffaloes were checked thoroughly for the hydatid cyst of lungs 
and liver. 
The recovered hydatid cysts from the lung and liver habitats 
were collected separately, labelled and placed into large plastic 
bags and brought to the laboratory for examination. 
The protoscoleces were isolated from hydatid cysts by the 
method of Smyth and Davies (1974). The surface of the cysts and 
infected organs were coated twice with alcoholic iodine (1* 
iodine in 95* ethanol). It was allowed to dry after each coating. 
About 60X of hydatid fluid from the cyst was aspirated with the 
hypodermic syringe and then the cysts were opened with the help 
of scissors and forceps and examined for the presence of 
protoscoleces. All the protoscoleces which were normally present 
in brood capsules were recovered in 1 ml pipette and transferred 
into petridishes containing Hank's balanced salt solution (HBSS). 
The protoscoleces were repeatedly washed with HBSS for several 
times to remove the contaminants and debris. The cleared 
protoscoleces were transferred into 20 ml universal container 
o 
and kept at 4 C temporarily. 
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TEST FOR VIABILITY:-
The viability of the protoacoleces were checked by the 
following methods:-
(a) Microscopic examination of flame cells (Thompson,1977):-
The activity of the flame cells were observed 
microscopically and the number of viable and non-viable 
protoscoleces were counted in five separate microscope fields. 
(b) Eosin exclusion test ( Hanks and Wallace, 1958): 
Eosin exclusion test was performed by applying a drop of 1 X 
aqueous eosin directly onto the protoscoleces on a glass slide 
and observed microscopically. Eosin is not absorbed by live 
protoscoleces while dead protoscoleces develop pink colour due to 
the diffusion of dye. Viability was determined by counting the 
live protoscoleces in five different replicates. If viability of 
protoscoleces was less than 90% then washing was repeated and 
dead protoscoleces were removed. 
PURIFICATIONS OF PROTEINS OF PROTOSCOLECES: 
For the partial purification of soluble proteins from 
protoscoleces isolated from liver and lungs of buffalo, (Bubalus 
bubalis) the protoscoleces were homogenised in 10% PBS (pH 7.2) 
o 
and the homogenate was centrifuged at 10000 RPM at 4 C for 15 
minutes. The supernatant was pipetted out and kept in a screw 
capped vial and 0.0 2 * sodium azide was added to it to prevent 
o 
the microbial contamination. These vials were kept at - 20 C 
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for further use. The protein concentration of this 
homogenate was estimated by the method of Spector (1978). A 
total of 2 0 mg protein was loaded in the column each time and 
this material was fractionated in Sephadex G - 200 column. 
GEL FILTRATION: 
Swelling the gel: Twelve gram of Sephadex G -200 was 
swollen in 48 0 ml of 0.15 M PBS, pH - 7.2. The swollen gel was 
kept in a boiling water bath for six hours for further swelling 
as well as deaeration of the gel. 
Column prepration: 
1. The gel suspension was adjusted to form a fairly thick slurry. 
The fine particles were removed by decantation and the gel 
suspension was degassed by vacuum pump. 
2. The column was mounted on a suitable burette stand. 
3. It was ensured that there was no air bubbles trapped in the 
dead space under the net and then the outlet was closed. 
4. The column was tilted and the gel suspension was poured 
carefully to avolde trapping of the air bubble and thereafter 
the column was immediately readjusted to a vertical position. 
All the required gel was poured in a single operation. 
5. The flow rate was monitered as soon as the filling of the 
column was over. Two to three volumes of the eluent 
buffer was allowed to pass through the column in order to 
stabilize the bed and equilibrate with eluent buffer. A 
slightly higher flow rate was then used in the experiment 
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for packing the column. The final flow rate was 15 ml per 
hour. 
Checking the packed column bed: 
Before applying the sample the homogeneity of the column bed 
was checked by running through the column, a sample solution of 
Blue Dextran 2000 (Sigma Chemical Company,USA) at a concentration 
of 2 mg per ml of the eluent buffer. The quality of the packing 
was checked by watching the progress of a zone of blue dextran 
through the gel bed. As soon as the solution of the blue dextran 
was applied on the column the outlet of the column was opened and 
a flow rate of 15 ml per hour was maintained. The eluent was 
collected for estimation of the void volume of the packed bed. 
The spectra of the blue dextran was plotted keeping the O.D on 
the X axis and the tube number on the Y axis. 
Sample application on a drained bed surface: 
1. The outlet of the column was closed and most of the eluent 
above the gel surface was removed by suction. 
2. The outlet of the column was opened and the remaining eluent 
was allowed to drain out. 
3. The sample (20 mg protein of the protoscoleces of either lung 
or liver origin) was layered on top of the bed with the help 
of a sample applicator. Considerable care was taken to avoid 
disturbing the bed surface. 
4. The column outlet was opened and the sample was allowed to 
pass through the gel. 
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5. The remaining sample on the bed and on the surface of the wall 
of the column was washed with a small amount of the eluent 
buffer. 
6. The column was refilled with the eluent buffer (0.15 M PBS pH 
7.2 ) and reconnected to the Mariotte Flask containing the 
eluent buffer. 
ELUTION: 
The flow of the buffer through the column was maintained by 
gravity feed using a constant pressure flask called the Mariotte 
Flask. Care was taken to prevent the air from entering the 
column. 
The flow rates: 
A maximum of 15 ml per hour flow rate was kept throughout 
the experiment. 
Prevention of the microbial growth: 
Steps were taken to prevent the microbial contamination in 
the packed column, by using 0.02* sodium azide (NaN3) in the gel 
suspension and eluent buffer during chromatography. 
RECX3RDING OF ELUTION CURVES: 
The eluent from the column was collected (5 ml per tube) and 
the concentration of the protein in the eluent was monitored at 
280 nm in a spectrophotometer (Spectronic - 1001, Milton Roy 
U.S.A.). The elution curves are plotted keeping O.D. in the X 
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axis and the fraction number at the Y axis. After monitoring the 
protein concentration, a total of six fractions were pooled into 
100 ml flasks. The column was then calibrated by determining the 
elution volume of some marker proteins of different but known 
molecular weights. The following molecular weight markers 
cytochrome c (17,000); egg albumin (43,000) and bovine serum 
albumin (67,00 0) were used. The elution volume of the partially 
purified proteins of different isolates of the protoscoleces was 
then determined and the partition coefficient for each protein 
was calculated by the following formula-. 
Ve - Vo 
Kav = 
Vt - Vo 
where, Ve is the elution volume, Vo the void volume (elution 
volume of blue dextran), Vt the total volume of the gel bed. 
The molecular weights of the known marker proteins were 
plotted against their Kav values and a straight line curve was 
obtained. The molecular weights of partially purified proteins of 
the protoscoleces isolated from the two different habitat were 
determined on the abscissa by extrapolating the Kav values 
obtained experimentally on the ordinate. 
DIALYSIS OF THE FRACTTIONS: 
For the removal of salts from the eluents different 
fractions were packed into dialysis tubing (Cellulose dialysis 
tubing Sigma Chemical Company U.S.A.) and were dialysed against 
distilled water overnight. After every six hours the water was 
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changed. Finally these fractions were dialysed against 
polyethyleneglycol crystals over night and the concentrated 
material was stored in small vials after monitoring their protein 
concentration by the method of Spector (1978). A total of six 
o 
fractions separated into different vials were stored at - 20 C 
for further use. 
EDCPE31IMENTAL INFEXTTION: 
Seven weeks old puppies preferably of the same litter were 
collected from around the university campus. They were kept on a 
controlled diet before giving infection. One dose of 50 mg Mebex 
(Mebendazole, Cipla, Bombay) was given to each pup for three 
consecutive days to remove hookworm infection if present. Two 
weeks after Mebex treatment the puppies were given 10 mg per kg 
body weight Praziquantel { Droncit (k) Bayer Germany) in order 
to eliminate any possible natural infection of Echinococcus. 
PROTOCXDL FOR EXPE31IMENTAL INFECTION: 
Freshly collected protoscoleces from the liver and lungs of 
naturally infected Indian water buffaloes (Bubalus bubalis) were 
packed in the gelatin capsule. Each group of experimental animals 
was starved for 18 hours before giving infection. Infection was 
given orally through gelatin capsule containing 1 ml packed 
protoscoleces (approximately 28000). The viability of the 
protoscoleces was checked (as described earlier) just before the 
administration of protoscoleces to different puppies. 
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CX>LLECmON OF BLOOD AND SE31A FROM INFECTED PUPPIES :-
The puppies infected with protoscoleces of lung and liver 
origin were bled from the jugular veins with the help of 
hypodermic syringe after 0, 4, 8, 16, 24, 32 and 40 days post 
infection. Each time about 5 ml blood was taken into heparinated 
sterilized universal (containing 70 units of heparin per ml of 
blood) for the detection of cell mediated immunity. The rest of 
the blood was allowed to coagulate at room temperature. The blood 
was also collected from uninfected puppies and kept as control 
sera. The sera was centrifuged at 5000 xg for 10 min and stored 
o 
at - 20 C for subsequent use. Finally infected puppies were 
sacrificed to ensure E. granulosus infections. 
CELL MEDIATED IMMUNITY: 
To study the cell mediated immunity of dogs against purified 
antigens of protoscoleces, the peripheral blood was collected 
from the jugular veins of the infected puppies at different 
intervals as described earlier and macrophage migration 
inhibition test was performed. 
SEPARATION OF LYMPHOCYTES/MACROPHAGES: 
Peripheral blood was drawn with the help of sterile 
hypodermic syringe from the jugular veins of each pup and 
transferred into sterile heparinated vials. The separation of 
lymphocytes/macrophages was done with the help of Dextran 
sedimentation, 3.5 X Dextran (Mr 250,000) in 0.9% normal saline. 
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To ensure sterility the dextran saline was autoclaved at a 
pressure of 15 lbs for 15-20 minutes. Gently 1 ml of blood was 
layered on 2 ml of dextran saline and allowed to stand for 1 hour 
o 
at 37 C . Since dextran leads to the; rouleax formation of red 
cells so the lymphocytes/macrophage rich supernatant was 
pipetted out and washed in RPMI 1640 for several times to obtain 
about 95 * pure lymphocytes/macrophages. 
MACROPHAGE MIGRATION INHIBITION TEST: 
Specifically sensitized lymphocytes on antigenic stimulation 
in vitro liberates a large number of biologically active 
molecules collectively known as lymphokins/cytoKines. Macrophage 
migration inhibition factor (MIF) i? one of these. Through out 
this experiment sterile conditions were maintained. The method 
adopted is essentially the same as by John et al (196^) with 
some modifications. The cells were counted in improved Neubauer's 
5 
counting chamber. The cell concentration was adjusted to 40 x 10 
lymphocytes/macrophages in 0.2 ml tissue culture medium with lOX 
fetal calf serum. The cell suspension was packed in the capillary 
tubes of 20 ul capacity (Top syringes, Bombay) by capillary 
action and sealed at one end with colourless plasticine . 
o 
Capillaries were spun at 200 g for 5 minutes at 4 C to pack 
the cells. The capillaries were taken out and cut with a filter 
cutter at the cell fluid interphase. Capillary tubes was then 
placed in the migration chamber (Mackaness type chamber) and 
fixed at one end at the bottom with the help of a small amount of 
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non toxic grease. The chamber was filled with RPMI 1640 with 10» 
fetal calf serum containing different concentrations of test 
antigens. A batch of control was run simultaneously without 
antigen. 
The chamber were than sealed with circular coverslip using 
o 
the non toxic grease and Kept horizontally at 37 C for upto 20 
hours. After incubation for 20 hours and the area of migration 
was examined. 
EXyr BLOT ANALYSIS: 
To check the antigenicity of different fractions partially 
purified on sephadex G -200 column, these were examined by dot 
blot test. The technique used was essentialy the same as 
described by Towbin et aJ, (1979) with some modifications. 
Antigen Binding 
(1) The PVDF membrane was cut to the size of dot blot 
apparatus. 
(2) At least 10 ugm of the sample from each six fractions and 
the whole homogenate was spotted on the PVDF membrane and 
allowed to dry. 
(3) The PVDF paper was removed from the dot blot apparatus and 
washed three times with 10 mM PBS pH - 7.4, for 10 minutes 
(each wash). 
(4) The PVDF membrane was incubated with 5 % non-fat dried milk 
powder ( Anikspray, Lipton India Limited, Calcutta) in 10 mM 
PBS pH - 7.4 with 0.02X sodium azide (Blotto) for three 
A2 
hours, to bind the unwanted epitopes. 
(5) The blots on PVDF membrane were washed with 10 m.1 PBS pH 
7.4 for 3 X 10 minutes. 
(6) The blot was incubated in primary dog anti Echinococcus 
sera in a dilution of 1:100 in blotto for three hours. 
(7) The membrane was washed in 10 mM PBS ( containing 0.05* 
Tween) for 3 x 10 minutes. 
(8) The membrane was incubated in alkaline phosphatase labelled 
antldog IgG (Sigma Chemical Co, U.S.A.) in a dilution of 
1:2000 in 10 mM PBS pH 7.4 containing 5* non-fat dried milk 
for three hours. 
(9) The blot was washed in 10 mM PBS pH. 7,4 for 3 x 10 
minutes. 
(10) The reaction was developed in sodium -1 naphthyl phosphate 
(Koch -Light Laboratories LTD. England) and observed by 
naked eyes. At the end the reaction was stopped with 4X 
formaldehyde in distilled water. 
RESULTS "^ 
The soluble proteins of the protoscoleces isolated from the 
lung and liver hydatid cysts were fractionated separately on 
sephadex G - 200 column. The column was equilibrated with 0.15 M 
PBS, pH 7.2. A total of six major fractions hereafter referred as 
Fl, F2, F3, F4, F5 ans F6 were separated from both the isolates, 
with some variation in their elution profile (Fig. 1 & Fig. 2). 
The elution time of the lung isolates was slightly more as 
compare to the liver isolates. The molecular weight of each 
fraction was determined using the calibration curve prepared from 
the elution profile of the known standard molecular weight 
proteins run on the same column ( Fig.3 ). The molecular weight 
of these fractions range from < 17 Kd to > 90 Kd. Although about 
20 mg proteins of both the isolates were applied on the column 
but the polypeptide recovery of each fraction of the two samples 
were di.fferent, particularly the concentrations of the proteins 
of F5 in the liver isolate is greater than the lung isolate. 
Contrary to this the concentration of polypeptides of Fl fraction 
of the lung origin protoscoleces is greater as compared to that 
of the liver. Besides this there are differences in the 
concentration of proteins in the other fractions of the two 
isolates also ( Table 1) 
MACROPHAGE MIGRATIO* INHIBITION TEST: 
The antigenicity of the eluted fractions was tested for 
their possile role in the cellular and humoral immunity. The cell 
Figure: l 
Elution profile of the proteins from the protoscoleces 
of the liver hydatid cysts by Sephadex G - 200 column. 
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TI 
Figure: 2 
Elution profile of the proteins of the protoacoleces 
from the aung hydatid cysts by Ssphadex G - 200 colum... 
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O 
Figure: 3 
Calibration curve of btandard molecular weight piroteins by 
Sephadex G - 200 Column. 
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Table: 1 Molecular weight range of the individual fraction of 
protoscoleces and their protein concentration in the 
eluent. 
Fraction Molecular Concentration of Concentration of 
No. wt. in Kd protein in lung protein in liver 
origin (mg/ml) origin (mg/ml) 
Fl >90 Kd 1.428 1.190 
F2 . 64.5 Kd 0.883 0.863 
F3 54 Kd 0.913 0.911 
F4 35 Kd 0.696 0.712 
F5 25 Kd 1.612 1.710 
F6 < 17 kd 0.990 0.728 
All the values are a mean of three replicates. 
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mediated Immiinity (CMI) of the experimental dogs ha , been 
uionrtored by the macrophatj*; migration inhibitic-. te:;t . Tie 
peripheral blood for the 'oolat^^r. of macrophages / lym. ht < yt ?3 
were collected from the jugvlar veil, of the experiia ,n. a-iiy 
infected puppies on 0, 4, 0, 16, 2-1, 72, and 40 3ay:: ^-.»: 
infection (pi). The antigenicity of the partially p^.rified 
polypeptides was tested agalus' the isolated macrophc-^es / 
lymphocytes. The jmrnunocompctenu cells were packed in 
t-i-crocapillaries hich we:.„ incub::?ted in the nutriert medium 
containing candidate antigens i'cl..owiLt, incubetiun dif iieren^  
migration inhibitjon respoiiLits of tne cells were recjrdec for 
different antigens. If the Ov^ lli, it.lg;.ateQ from the c£.pi.. iaries 
and formed a lacy far llKe patcei'i, it indicates the abF.-vc . cf 
anLigenicity of the tested polypeptj-des. While the inLit>." L ..i of 
the migration of the ce.la fro>., the capillaries exhibits, the 
antigenic nature of the candidate ^ ...itigens. 
The immunocompetent cells collected on 4th day p.i. forri. a 
clear well defir.ed fan in all the chambers. This indicetfcs that 
none of the fractions ( F?. - F6 ) used in the present Ptudy 
shewed antigenicity at the 4v.h day post infection (Table 1, Plate 
1, B,C3,D and E ). When 8 days post infected immunocompetent ceMs 
were tested against these six candidate antigens, only Pi and F6 
produced a strong migration inhibition response and i«ith F3 £ 
moderate type of inhibition was noticed. While the rest of the 
polypeptides did not show any antigenicity (Table 2, Plate 1,F 
and G). 
iq in: 
?" bsol 
A' \ y 
f^\i'-f. 
^sau/^ffl i t^ '^rf * ^ "^ 1^^ ,*V^ ' ' '^ ' i ^ ^^ ''•'^  *"' 
J 
Tt six&n: ©rtl ?£)-ji..'>'.ci; (!?**• 
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Table: 2 The •acrophage aigration Inhibition response to different antigen fractions of 
protoscoleces of Echinococcus granulosus. 
Antigens C Fl F2 F3 F4 F5 F6 H 
Macrophages (Mr > 90 Kd) (Mr 64.5 Kd) ( Mr 54 Kd) (I*- 34 Kd) (Mr 25 Kd) (Mr < 17 Kd) 
Lynphocytes 
4 days - - - _ _ _ - -
8 days - ++ - + - - ++ 
16 days - + - ++ - - ++ 
24 days - +++ ++ _ _ _ ++ 
32 days - ++ _ _ _ _ 
40 days - ++ _ _ _ _ 
Key: 
- No inhibition 
+ Mild inhibition 
++ Strong inhibition 
+++ Very strong inhibition 
++ 
++ 
++ 
++ 
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With the sixteen days post infection cells more of the 
fractions have shown antigenicity. The antigenicity of Fl and F6 
persisted from 8 days onwards, while F3 was observed to be 
strongly antigenic and F5 gave a moderate type of antigenicity 
(Table 2, Plate l, H,I,J and L ). 
When the immunocompetent cells from 24 days post infected 
puppies were used, four out of six antigen fractions showed some 
sort of inhibitory response in the migration inhibition test. The 
maximum inhibition was noticed by Fl which was followed by F2 anc? 
F6, while F4 produced a moderate type of inhibition in the 
migration of the cells (Table 2, Plate 1, O, 0, R and P). 
The immunocompetent cells after 32 days post infection 
reacted only with the Fl fraction giving a moderate type of 
inhibition. The rest of the antigens failed to show any 
inhibitory response (Plate 1, T). 
Finally with 40 days post infection the migration inhibition 
test failed to detect any response with the six antigen fractions 
(Plate 1, W and X) under study. 
It can be surmised from these findings that among the six 
candidate antigens only three fractions - Fl, F2, F6 of Mr > 90 
Kd, 54 Kd and < 17 Kd, respectively played some antigenic role in 
the cell mediated immunity (C3MI) as revealed by migration 
inhibition test (MIT). F^ irther it has been noticed that CMI 
appear on the 8th day post infection which can be detected by 
these three antigens. The Fl antigenic response gradually 
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increases and is noticed upto 32 days p.i. The '"' jpi.nse ms 
rtctec'.ed upto 24 days post infecL.lon, while ' w-«i3 to o .. <?: 
ant.'.gen vrhosG response vjas opJy -!etecteJ in tlie uiiddlo ;;j»ha^3 ojf 
the development of the parasite ju the experimental _ .^ .i^ a. 
Pi.tthei^ -, .lo differences C^MIO. be detected in »-he ..uj-^ y^ iiic 
rer.poiise of these polypeptide's ^originating frosa lung .ad liver 
protoscoleces by the migration iuhibition test. In .c3r Lo 
ascertain • the similarity and dissimilarity cf the ^nc. jcnlc 
peptides of the lung and liver origin protosco.iect;=> the^o 
.jwi.o further analysed by the »lot blot analysis for quantItating 
the titre of the antibody. 
DOT DLOr ANALYSI.S: 
To examine the antigenicity of the fractionated pol;^ , ptirtes 
of tho lung and liver origin pr'-toscoleceb the dot clot :t:idiv,,ij 
WciS performed. The homologo'"^ <2nd hstcrologous 3era i. ai^ed 
against liver and lung origin r^otoycolecfcs ii'. tiie expet im^ mLcil 
puppies were used as primary antibody and alkc ine phospi.dt.a3e 
coniugated antidog IgG was used as secondary ^^tibouy. Tho 
primary sera from the puppies were collected on 0,4, 8,1^ ;, 24, 32 
and 10 days post infection. The teaction was detected by using 
sodium 1-naphthyl phosphate as substrate. Four sets of 
experiments were performed consisting of two homologous and two 
heterologous antigen - antisera system. 
It can be seen from the results present in table 3 and plate 
2 A where the homologous antigen - antisera system was used, that 
even on 4th day there is a considerable IgG response against the 
Plate 2 
rot b.l'• cnalysls of the antige^ - of the ?T'-
pcotoi. rolecef? ULing honologcus (A) art^' h-"'-. 
ant i SCI c. 1>. i . ogenate (H) and antir' .ir fif i(. r (1-f) 
were tertt-Ct :ycl»„3t antisera collectc ' rt. 4, t, 3 , ?^, 3? 
and 40 d&>t- j^ l. C: control. 
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Fl, F2, and F6 polypeptides. With the age of infection the 
response against these antigens increases as revealed by dot blot 
analysis. A very weak response of F3 was noticed on 8 day p-i. 
which persisted upto 40th day post infection. F4 and F5 showed 
inconsistent response and reacted with IgG only on 24th and 40th 
day p.i. Comparing the antigenicity of lung protoscoleces with 
heterologous sera (raised against the liver protoscoleces) the Fl 
fraction antigen shows strong reaction indicating a common 
antigen component with the liver protoscoleces. While F2 and F6 
show some variation with homologous reaction (Table 3, Plate 3 
B). F4 and F5 also give inconsistent results. 
When the various .fractions of the liver origin protoscoleces 
tested against the homologous sera (Table 4 & 5) the Fl and F6 
showed persistent reactions right from the 4th to 40th day post 
infection sera. The F2 response was noticed on 8th to 40th day 
post infection. However F3, F4 and F5 gave inconsistent results 
indicating weak antigenicity. 
The liver protoscoleces fractions when tested with antilung 
protoscoleces sera gave very interesting results, indicating some 
differences in the antigen profile of the lung and liver (Table, 
6). The Fl polypeptides gave inconsistent ans weak reaction with 
4, 8, and 24 day pi sera, while the IgG response was quite 
pronounced against F6 polypeptides which were observed from 4th 
to 40th day post infection. The other fractions gave inconsistent 
results. 
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Table: 3 Dot blot analysis of different polypeptides fractions of 
lung protoscoleces tested against the homologous primary 
sera collected at various intervals. 
\Ag 
Anti\ 
sera 
Fl 
Polypeptide fractions 
F2 F3 F4 F5 F6 H 
4 days 
8 days 
16 days 
24 days -
3 2 days 
40 days 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + + + + 
+ + + + + 
+ + ->• + + 
+++ +++ 
+ + -•- + + 
+ + + + + 
Key 
- : No response 
+ : Positive response with mild (+), strong (++) and very 
strong (+++) intensity of reactions. 
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Table: 4 Dot blot analysis of different polypeptide fractions of 
liver protoscoleces tested against the homologous 
primary sera collected at various intervals. 
\Ag 
Anti\ 
sera 
Fl 
Polypeptide fractions 
F2 F3 F4 F5 F6 H 
4 days 
8 days 
16 days 
24 days 
32 days 
40 days 
+ + 
+ + + 
+ + + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + + 
+ + 
+ + 
+ + + 
+ + + 
+ + + 
+ + + 
Key = 
No response 
Positive response with mild (+), strong (++) and very 
strong (+++) intensity of reactions. 
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Table: 5 Dot blot analysis of different polypeptide fractions of 
liver protoscoleces tested against the heterologous 
primary sera collected at various intervals. 
\Ag 
Anti\ 
sera 
Fl 
Polypeptide fractions 
F2 F3 F4 F5 F6 H 
4 days 
8 days 
16 days 
24 days 
3 2 days 
40 days 
+ + + 
+ + + 
+ + + 
+ + 
+ + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + 
Key = 
- : No response 
+ : Positive response with mild (+), strong (++) and very 
strong (+++) intensity of reactions. 
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Table: 6 Dot blot analysis of different polypeptide fractions of 
liver protoscoleces tested against the heterologous sera 
collected at various intervals. 
\Ag 
Anti\ 
sera 
Fl 
Polypeptide fractions 
F2 F3 F4 F5 F6 H 
4 days 
8 days 
16 days 
24 days 
32 days 
40 days 
+ + + 
+ + 
+ + 
+ + 
+ + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
Key = 
- : No response 
+ : Positive response with mild (+), strong (++) and very 
strong (-»-++) intensity of reactions. 
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It is evident from the heterologous system in both the lung 
and liver origin protoscoleces that there is some degree of 
antigenic similarity alongwith conspicuous differences in Fl and 
F6 antigens. On the contrary homologous system shows complete 
similarity in these two fractions. 
It can be concluded from these results that the humoral 
immune response of E granulosus infection in experimental dogs 
as detected by IgG titre, appear on 4th day post infection which 
is 4 day earlier than cell mediated immunity. Secondly among the 
various antigenic fractions Fl and F6 seems to be highly 
antigenic which could be used for future investigation. However 
other fractions are weaJc antigens and give inconsistent results. 
In addition to this it has been observed that during the 
development of the parasite before attaining maturity in the 
definitive host 16th and 24th day is the most critical period in 
which the maximum immune response build up in the definitive host 
occurs. 
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DISCISSION 
In the present study differences have been observed in the 
elution profile of the soluble proteins of the metacestode of 
Echinococcu3. granulosus, isolated from the lung and liver 
hydatid cysts of the Indian water buffalo. The differences were 
mainly in the concentration of the proteins in the fraction 1 and 
fraction 5 of the two isolates. Whereas in other fractions more 
or less similar concentrations have been obtained. McManus and 
Smyth (1978), Kumaratilake et al. (1979) have distinguished 
different strains (horse and sheep) on the basis of the total 
protein content and protein profile. Further Ali (1991) 
demonstrated marked differences in the protein profile of the 
protoscoleces of the lung and liver origin of Indian water 
buffalo alongwith some qualitative variations. Moreover 
variations have also been reported between isolates from the same 
geographical regions as well as from the protoscoleces of 
different cysts in the same individual host (Lymbery & Thompson, 
1989).There is also increasing evidence of host induced 
variations in Echinococcus as revealed by comparative 
morphological and biochemical studies ( Lymbery et al. 1990; 
Hobbs et al. 1990). Hobbs et al.(l990) analysed the differences 
in the rostellar hook morphology in E granulosus from sheep and 
macropods in Southern Australia. These observations have been 
further supported by isoenzyme analysis (Lymbery et al. 1990). 
Kumaratilake & Thompson (1984) suggested that the distinctive 
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hook morphology in some macropod isolates of E. granulosus may be 
host induced. Thompson (1991) considered it reasonable to 
assume that strains of Echinococcus had adapted to particular 
species of intermediate host but different strains have been 
demonstrated even in the same host species. The significance of 
the present investigation is that the material isolated from the 
two different habitats of the same host show variation in the 
elution profile of their proteins. These differences possibly 
reflect either the existence of intraspecific genetic variations 
or the influence of the physicochemical conditions of the two 
habitat on the metabolism of the parasite which may be 
responsible for the variation in the elution profile of the 
protein content of E. granulosus protoscoleces. 
A similar situation has been reported in the case of 
protozoan Giardia duodenalis where considerable variations 
between isolates from the same host species have been found. 
Moreover extensive genetic heterogenity has been demonstrated 
between the isolates of human origin. Distinct differences were 
also found between isolates of G. duodenalis from dogs in 
Australia and Switzerland (Thompson, 1991), 
It is therefore suggested that the differences in the protein 
concentration and their elution profile of the two isolates under 
study could either be due to the influence of the habitat on the 
two isolates or these may be two different "strains". 
Following chromatographic purification, the isolated fractions 
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were tested for their antigenic potential that envoke the cell 
mediated immunity in dogs infected with E.granulosus. It was 
found that CMI appears on 8th day post infection as revealed by 
macrophage migration inhibition test under in vitro conditions. 
Unfortunately no information is available about the onset of the 
CMI response from the definitive host. However the present 
results are in agreement with the reports from the intermediate 
hosts in which hydatid cysts antigens have been tested. 
Miggiano, et al. (1966) & Yusuf et al.(1975) reported a 
significant increase in lymphoblast transformation of peripheral 
lymphocytes of the patients with hydatid cysts. But on the 
contrary Herd (1977) could not find delayed hypersensitivity in 
dogs challenged after an unknown time of infection by testing 
them intradermally with extracts of adult E.granulosus which had 
been maintained in tissue medium. It seemed that the CMI 
expressed in the peripheral lymphocytes appeared earlier than 
skin sensitization. It has been shown by Yusuf et al. (1975) that 
rabbits immunized with hydatid fluid did not exhibit skin 
hypersensitiviy despite the fact that their peripheral 
lymphocytes reacted to hydatid fluid and protoscoleces antigens. 
In addition to this Lindsay (1981) examined the hepatic and 
intestinal mast cell response in T. taeniaeformis infected rats 
and observed an increase in the number of mucosal type mast cells 
(HMO around larvae in the liver with maximum number of cells 
present at 60 days post infection. Similarly Cook & Williams 
(1981) also noticed a persistent increase in MMC in the 
intestinal mucosa , although oncospheres pass rapidly through the 
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intestinal wall during the initial phase of the infections and 
ultimately develop at a distant site in the liver. This 
suggested that the circulating lymphocytes may manifest CMI to 
E. granulosus antigens sooner than cutaneous reactivity. 
According to Al-Khalidl (1982) the cell mediated immunity 
develop slowly against E.granulosus and reactivity of peripheral 
lymphocytes appeared to be an earlier manifestation than 
cutaneous reactivity. 
Since no previous reports are available on the detection of 
cell mediated immunity during the course of development of E. 
granulosus, therefore the present study becomes unique in its 
nature. Al-Khalldi tested the CMI only 29 days post infection, 
so he could not ascertain the role of CMI in the earlier phase of 
infection. It is also suggested that immunity to reinfection in 
animals bearing a primary hydatid infection may be attributable 
to activated macrophages the effects of which are enhanced by 
antibody (BaJcer & Muller, 1984). Furthermore in the present 
study it has been found that CMI persists upto 3 2 days post 
infection and thereafter disappear. This is in contrast to the 
investigation of Al-Khalidi (1982) who concluded that cell 
mediated immunity develops in dog slowly against E.granulosus 
which manifest first in the peripheral lymphocytes. 
However the present finding is in agreement with the reports 
available on Schistosoma ssp. Houba (1976), suggested the 
formation of immune complexes that are phagocytized by 
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immunocompetent cells such as eosinophil, neutrophil, leucocytes, 
macrophages and giant cells of the patient infected with 
Schistosoma spp. Houba (1976) further explained this phenomenon 
that as soon as the antigen reaches the blood circulation, it 
elicites the antibody formation and stimulates the complement 
system. The antigen then reacts with the immune complexes 
consisting of antibodies and complement which is later on 
recognised by the immunocompetent cells responsible for cellular 
immunity. In addition to this, Houba (1976) demonstrated the 
immune complexes (i.e. IgM, complement and antigen) in cells of 
the liver granuloma of baboons 6-7 weeks post infection with 
Schistosoma mansoni. In the present study probably this might be 
one of the reasons that the C!MI have been detected only 8 days 
post infection, while IgG could be detected as early as 
4th day p.i. 
The present finding is in agreement with the work of Petrova 
(1968) who observed neutrophilia in sheep 3-5 days post infection 
with the eggs of E. granulosus. Maximum leucocytosis was observed 
between 25-30 days post infection with predominance of 
eosinophils, lymphocytes and monocytes. In addition to this 
Devouge and Ali-Khan (1983) found eosinophils, lymphocytes and 
monocytes accumulation in the peritoneal cavity of mice 48 days 
post infection with E. multilocularis. 
As mentioned earlier the humoral antibody response could be 
detected as early as 4 days p.i. by dot blot analysis. The 
d@i©§t4©n 0f IfO r©sponB© at 4 (Jays p.i, reflects the strong 
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antigenic potential of the Fl, F2, and F6 fractions of the two 
isolates under study. Contrary to this observation, Movsesijan & 
MladenovicC1971) found antibody in the serum of dogs 14 days post 
infection with E. granulosus. However my results are in 
agreement with the work of Ali (1991) who has demonstrated the 
IgG response on 4th day p.i. by western blotting using the 
surface membrane of the protoscoleces as antigen. Since it is now 
well established that many antigens are readily absorbed through 
the intestinal wall (Hemmings,1978). In E. granulosus the scolex 
penetrates the crypts of Lieberkuhn and damage the epithelial 
lining, as a result of which some of the somatic and E/S antigens 
must be absorbed and raech the blood circulation. Thus 
antigens released from any part of a tapeworm but particularly 
from the scolex (which are embedded in the lamina propria) could 
be absorbed and possibly stimulate the immune system of the host. 
It has been pointed out that the scolex may be an important 
source of the "functional antigens". Besides this the rostellar 
glands of E. granulosus actively secrete antigenic material under 
in vivo and in vitro conditions (Smyth, 1969; Thompson et al. . 
1979). Hopkins and Barr (1982) suggested that the functional 
antigens of H. diminuta may be related to the scolex. To support 
this, they showed that when primary infections of H.diminuta 
were terminated by chemicals within three days, an effective 
immune response in mice was stimulated, and the developments of 
worms was retarded consisting of scolex and neck region. Further 
experiments, using heavily irradiated cysticercoids which survive 
but do not grow in the intestine (Christie & Moqbel, 1982) also 
67 
suggested that the scolex may be a prime candidate for a source 
of functional antigens. But this neither implicates the rostellar 
glands nor rules out the strobila region as an additional 
antigenic source. As rapid turnover of the tegumental surface 
has been reported by Oaks and Lumsden (1971). The digestive and 
protective secretions released from the surface of the worm 
(Lumsden, 1975; Pappas and Read, 1975) could also be antigenic. 
Herd et al. (1975) found that antigens collected during in yitro 
cultivation of E.granulosus stimulated a degree of protective 
immunity in dogs. Hopkins & Barr (1982) showed that irradiated 
cysticercoids failed to stimulate any form of protection in rats. 
This suggested that the development of the strobila was necessary 
to reach the "threshold" level of antigenic stimulation required 
in the host. It is quite likely that scolex and strobilar 
antigens are qualitatively different. 
In view of the above discussions it is suggested that immune 
complexes involving IgG on 4th day p.i. in experimental dogs may 
be formed because of the close association of the rostellar 
secretions with the submucosal lining of the intestinal villi. 
But this certainly requires further investigations to ascertain 
the formation of immune complexes in E. granulosus infection. 
As can be seen from our results that among the various fractions 
Fl, F3, & F6 of Mr. >90 Kd, 54 Kd, and < 17 Kd are antigenic. 
Similarly Kanwar and Vinayak (1993) have observed four major 
antigenic components of 8, 66, 75, and 116 Kd in E. granulosus 
using human sera by western immunoblotting. In another study from 
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our laboratory > 90 Kd and 45 Kd polypeptides were detected by 
the same technique using dog sera (Ali, 1991). However higher 
molecular weight polypeptides (400 and 150 Kd) were detected from 
the hydatid fluid and refered as antigen A and B (Oriol et 
al.l971; Chordi and Kagan, 1965). 
It is evident that the maximum antigenic components were 
recognised by 16-24 days post infection sera. This is the most 
critical phase in the prepatent period of E. granulosus before 
attaining maturity. During this period the strobilization and 
development of reproductive and accessory organs are being 
completed in E. granulosus (Irshadullah,1987). Besides this 
marked pathological and pathophysiological changes have been 
observed during this time of the prepatent period (Irshadullah, 
personal communication). Similarly in many other parasites the 
tegumental turnover ( McLaren, 1986; and Perz & Terry, 1973) and 
surface antigen turnover (Ali,1991) have been reported. In 
addition to this maximum antigenic polypeptides of the membrane 
were recognised by 24 days post infection sera (Ali, 1991). The 
results of the present investigations further support the 
hypothesis that the protoscoleces of different origins show 
antigenic variations. It is also possible that during this period 
(16-24 days post infection) new proteins are being synthesized by 
the parasites for morphogenesis and organ formations. These 
activities might be accompanied by an increased secretory 
activity which might act as immunostimulant and as a result the 
maximum IgG response during this period have been detected. 
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The present study has also highlighted some antigenic 
similarity and dissimilarity in the epitopes of the two isolates 
when tested with homologous and heterologous sera. It has been 
found using the heterologous system that there is some degree of 
similarity between the lung and liver origin protoscoleces 
indicating a possibility of antigen sharing. The similarity in 
the antigenic nature of most of the fractions in the homologous 
and heterologous system is not surprising, because the two 
isolates are the member of the same species. Since most of the 
proteins of the two isolates are same that's why their 
antigenic natures are expected to be common as revealed by the 
homologous analysis. 
Nevertheless the Fl and F6 fractions of the two isolates 
have shown some differences when tested with heterologous sera. 
Similarly the western blot analysis of the antigenic polypeptides 
revealed that the surface membrane, of the protoscoleces of the 
lung origin are more antigenic than the protoscoleces of the 
liver origin (All, 1991). Therefore the antigenic dissimilarity 
in the polypeptides of the two isolates could be either due to 
the development of different "strain" or the influence of the 
habitat. 
However in the present study variations in the antigenicity 
of the different fractions irrespective of their origin have also 
been found. Some of the antigens like Fl, F3, and F6 have shown 
strong antigenicity in both the homologous and heterologous 
systems, while the rest of the fractions ( F2, F4, and F5) were 
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found to be weakly antigenic with variable antigenicity. This 
may be due to the nature of the antigenic epitopes present in 
these fractions. It is suggested that those fractions which show 
strong antigenicity might be having a cocktail of antigenic 
epitopes present on the conformational structure of the 
polypeptides which are similar in their antigenicity. As a result 
the antibodies raised against these antigenic determinants are 
the same and bind strongly with these antigens. On the other hand 
fractions F2, F4, and F5 which are weakly antigenic might have 
less number of antigenic, epitopes on their surface which are 
recognised by the antisera. Moreover from the present study it 
can be suggested that T and B cells of dog infected with 
E.qranulosus may recognise different antigenic epitopes, since it 
is well known that T and B cell epitopes differ for most 
antigens. In addition to this the results of the present study 
suggest some striking differences in the antigenic recognition 
pattern of T and B cells which may be important for selecting 
antigen molecules in immunological investigation. This certainly 
require further studies. 
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SUMMARY 
The aqueous soluble proteins of the protoscoleces isolated 
from the hydatid cysts of the lung and liver of the water buffalo 
(Bubalus bubalis) were partially purified on the sephadex G - 200 
column. The polypeptide recovery of each fraction of the two 
sample (i.e. lung and liver protoscoleces ) were different, 
particularly the concentrations of the proteins of F5 in the 
liver isolate is greater than the lung isolate. Contrary to this 
the concentration of polypeptide of Fl fraction of the lung 
origin protoscoleces is greater as compared to that of the liver. 
The six major fractions of the two isolates were tested for 
their antigenicity. The 04I response of dog to Echinococcus 
granulosus infection has been monitored by migration inhibition 
test (MIF). The six partially purified candidate antigens of the 
lung and liver origin protoscoleces tested against the 
macrophages/lymphocytes collected from the peripheral blood of 
the experimentally infected puppies, at 4, 8, 16, 24, 3 2 and 40 
days post infection. The CMI response against Fl and F6 was 
observed from 8 to 32 days post infection while with the F2 and 
F4 there was either weak response or absent. Fraction 3 and 5 
give some positive response from 8 to 24 days post infection. The 
CMI gradually decreases on 32 days post infection, whereas no CHI 
response could be detected on 40 days post infection as there was 
no inhibition of the macrophage migration. 
Further no differences could be detected in the antigenic 
response of these polypeptides originating from lung and liver 
11 
protoscoleces by the migration inhibition teat. The circulating 
IgG response has been monitored by dot blotting using alkaline 
phosphatase conjugated antidog IgG. Considerable IgG response 
against Fl, F2 and F6 polypeptides have been found on the 4th 
day post infection using homologous system. With the age of 
infection the response against these antigens increases as 
revealed by dot blot analysis. 
The liver protoscoleces fractions when tested with antilung 
protoscoleces sera, gave very interesting results, indicating 
some differences in the antigenic profile of the lung and liver 
protoscoleces. It wa evident from the heterologous system in both 
the lung and liver origin protoscoleces that there is some degree 
of antigenic similarity along with conspicuous differences in Fl 
and F6 antigens. On the contrary the homologous system showed 
complete similarity*^in these two fractions. 
It was concluded from these findings that the differences 
in the concentrations of the proteins in the elution profile of 
the two isolate, their antigenic dissimilarity when analysed by 
dot blotting might be either the influence of the habitats or 
they may be two different strains. Further studies are certainly 
required in this direction. 
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